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Abstract 
Thin-film, aluminum nitride (AlN) can be utilized in piezoelectric actuators as an alternative to PZT, enabling high 
pressure operation without compressive-stress depolarization.  To overcome relatively lower piezoelectric 
coefficients, amplification flexures (e.g. bi-chevron) are used. This paper describes the design, fabrication and 
testing of a bi-chevron AlN actuator for a high-pressure microvalve. The AlN microvalve can operate at higher 
pressures (10 MPa) with a fifty-fold increase in stroke/volume ratio compared to current PZT valves. The actuation 
stroke is compared with theoretical values and finite element method (FEM) results. The error between FEM and 
empirical data is less than 17 %. 
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1. Introduction 
Piezoelectric actuators are often employed in MEMS valve designs as it enables higher operating pressures and 
frequencies in comparison traditional MEMS valves [1]. Lead zirconate titanate (PZT) is the most commonly used 
material in the design of piezoelectric microvalves. However, the depolarization of PZT due to compressive stresses 
[2] limits the operating pressure to less than 5 MPa [3]. To meet high pressure requirements, the investigation of 
alternative materials such as aluminum nitride (AlN) is underway.  Moreover, AlN does not experience compressive 
-stress depolarization and it is an IC compatible material (deposition temperature less than 450ºC). One drawback of 
AlN is its smaller piezoelectric coefficients in comparison to PZT [4].  However, AlN-based actuators benefit from 
stroke amplification mechanisms to overcome the low piezoelectric coefficients. This paper describesan in-plane 
AlN actuator design with an amplified actuation stroke for higher pressure microvalve applications (as shown in Fig.  
1. (a)). This actuator has a higher stroke/volume (50 times larger) than current high pressure valve design [3] and 
may be used in ink-jet printing technology. This actuator design is called the bi-chevron (as shown in Fig.  1. (b)), 
which is a modification of the well-known Chevron actuator [5]. For in-plane actuation, the simple Chevron allows 
the actuation force (operation pressure) to be increased by adding more actuator arms. In the bi-chevron, the use of 
piezoelectrics with matched sets of actuator arms enables a push-pull actuation in both directions and reduces out-
of-plane buckling. 
 
* Corresponding author. Tel.: +1-510-643-6690; fax: +1-510-643-6637. 
 
E-mail address: yameichen@berkeley.edu. 
Procedia 
Chemistry  
1876-6196/09 © 2009 Published by Elsevier B.V. 
doi:10.1016/j.proche.2009.07.176
Procedia Chemistry 1 (2009) 706–70 9 

































. (a) Sketch of th
sis. L is the lengt









rink in the len
rinkage of th
, the electric f
s achieved. 





h of the beam, Δ






ic valve utilizing 
lution of the Ver
f a bi-chevron
tion as the po
gth direction








uator design for 
L is the elongatio




nier scale is 0.6µ




ed.  With the 
for theoretic
y/L) and nor
 (θ) by the fol
݅݊ߠ ൅ ඨ൬1 ൅
bi-directional mo





 actuator. (b) SE
m. 
s shown in Fi
AlN thin-film
. The combin











hen actuated, Δy 





M images of bi-
g.  2. (a). Whe
 (in the thick
ation of the e
plug to move
 electric field,





lified model of t
is the generated 
voltage, and θ is 










g.  2. (b). Fr
(P/F) of an A
) 
he bi-chevron ac
stroke, P is the fo
the “beam angle”
 
 with a built-in V
 electric field
n), the AlN b
he upper pair
 movement i





rce applied in th
 between the bea
ernier 











Y.-M. Chen et al.                   / Procedia Chemistry  1 (2009) 706–709 7 07
 ܲ
ܨ








The above two equations show that the actuation stroke will decrease and the actuation force will increase when 
the beam angle is increased. Thus, there is a trade-off between actuation stroke and actuation force since they are 
both function of beam angle. In order to get enough actuation force, more AlN beams can be added into our design 
without significantly diminishing the actuation stroke. 
3. Fabrication Process for Bi-Chevron Actuator 
In order to verify the valve stroke, bi-chevron AlN actuators with different beam lengths, L, and beam angles, θ, 
were fabricated with a built-in Vernier Scale for actuation stroke measurement (Fig.  1. (b)). The fabrication process 
of the AlN bi-chevron is as shown in Fig.  3. First, the bottom electrode (Aluminum, Al) is deposited and defined on 
a high resistivity wafer (a)-(b). Next, a 1 µm AlN layer is deposited and an AlN via wet etch is performed for 
electrical connection between top electrode and bottom electrode (c). After this, the top electrode (Al) is deposited 
and defined (d) and the AlN layer is etched to define the shape of the actuator (e). Finally, a gold layer (Au) is 
























Fig.  3. Fabrication process for AlN bi-chevron actuator 
4. Results and Discussion 
The comparison of actuation stroke between theory, simulation, and measurement for an 1100 µm long, 5 µm 
wide, 1 µm thick AlN beam with varying beam angle is as shown in Fig.  4. and Table 1.  The actuation stroke of the 
Bi-Chevron actuator agrees well with FEM simulation values from ANSYS (maximum error is about 17%). This 
difference is suspected to come from the 0.6 µm resolution of the Vernier scale. The discrepancy between theory 
and ANSYS is due to the partial-coverage of the top electrode (Fig.  5); this has been confirmed by simulation (Fig.  
6). From Fig.  6, it is evident that as the width of the actual top electrode (W’) approaches the ideal width (W), the 
generated force (F’) and generated stroke (ΔL’) of actual device approaches the generated force (F) and generated 
stroke (ΔL) of ideal device. This is because partial-coverage results in a nonuniform electrical field along the width 
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